Microeconometric estimates of the Frisch labor supply (0 to 0.5) tend to be much lower than the values used by macroeconomists to calibrate general equilibrium models (2-4). This paper explores whether the gap in these ranges can be explained by two restrictions present in the micro Frisch elasticity that are implicitly relaxed in these values of the macro Frisch elasticity. First, the micro estimates focuses only on prime-aged married males who are the head of their household, while the macro values incorporates the whole population. Second, the micro estimates only include fluctuations in hours on the intensive margin, while the macro values also incorporate fluctuations on the extensive margin. Within a consistent microeconometric estimation strategy, this paper estimates a micro Frisch elasticity of 0.2, and, upon relaxing the two restrictions, a macro Frisch elasticity of about 3. The increase in the estimates suggests that these two restrictions can explain the gap. However, given that this paper demonstrates that the estimates of the macro Frisch elasticity are fairly sensitive to the estimation procedure, the sample of agents, and also the margins of fluctuations that are used for estimation one must careful choose the appropriate value for calibration purposes.
Introduction
A key parameter in the design and assessment of government policies for macroeconomists is the Frisch labor supply elasticity; the elasticity of hours worked with respect to wages, holding marginal utility constant. In order for macroeconomic models to match the observed amount of volatility in aggregate hours worked over the business cycle, the Frisch elasticity typically needs to be set somewhere in the range of 2 to 4.
1 In contrast, the seminal microeconometric estimates of the Frisch elasticity which are determined from hours and wage fluctuations on an individual basis are in the range of 0 to 0.54 (see MaCurdy (1981) and Altonji (1986) ).
One plausible explanation for this gap is that the two values are capturing fundamentally different notions of the Frisch labor supply elasticity. 2 The microeconometric estimates tend to focus on determining a fixed parameter value that describes the responsiveness of a set of individuals' hours to changes in wages leading the estimates to incorporate two restrictions. First, the microeconometric estimates restrict the sample to only include a homogenous subset of the population, typically focusing on individuals who are male, employed, married, prime-aged, and heads of households. Second, the microeconometric estimates only incorporate fluctuations on the intensive margin. In contrast, macroeconomic calibration values are determined to align the aggregate volatility in hours over the business cycle implying that these two restrictions are relaxed. In particular, these values incorporate fluctuation in hours
from the whole population, as opposed to a subset. Moreover, instead of just focusing on fluctuations on the intensive margin they incorporate fluctuations on both the intensive and extensive margin.
However, previous works tend to find that when both restrictions are relaxed 1 See Chetty et al. (2011) for a discussion of the values used to calibrate models. 2 An alternative approach to reconciling these values is to explore whether biases in the microeconometric estimates of the Frisch elasticity could account for the gap. Examples of these studies include: Rogerson and Wallenius (Forthcoming) , Chang et al. (2011) , Imai and Keane (2004) , Pistaferri (2003) , Chetty (2009) , Domeij and Floden (2006) , and Contreras and Sinclair (2008) . See Keane and Rogerson (2011) for a review of this strand of the literature. econometric estimates of the Frisch elasticity still tend to be lower than the calibration values. For example, using an estimation approach that identifies the Frisch elasticity from persistent changes in wages, Fiorito and Zanella (2012) estimate a Frisch elasticity of 0.68 when they relax both restrictions. This paper revisits the question and determines whether relaxing these restrictions can cause a large enough increase in the estimates of the Frisch elasticity to explain the gap when using an estimation approach that, consistent with Altonji (1986) , identifies the Frisch elasticity from the expected variation in wages over the life cycle. In contrast to these previous studies, this paper finds that when these two restrictions are relaxed the estimates of the Frisch elasticity increase enough that they can explain the gap between the microeconometric estimates and the macroeconomic calibration values. Given the apparent sensitivity of the effect of relaxing these restrictions to the empirical specification, this paper further explores the sensitivity of estimates of the Frisch elasticity consistent with the macroeconomic calibration values.
First, as a benchmark, I estimate the Frisch elasticity consistent with the microeconometric estimates (micro Frisch elasticity) to be approximately 0.2. Next, I relax both of the restrictions and estimate the Frisch elasticity consistent with the calibration values (macro Frisch elasticity) is between 2.9 and 3.1. In particular, these restrictions are relaxed by incorporating fluctuations on the extensive margin using a pseudo panel and broadening the scope of the sample to include non-married individuals, females, secondary earners, younger individuals, and older individuals.
3 The much larger estimates of the macro Frisch elasticity indicate that under this specification the total effect of relaxing these two restrictions is consistent with the gap between the calibration values used in macroeconomic models and the original microeconometric estimates of the Frisch elasticity. Moreover, I find that the sum of the changes from independently relaxing these restrictions is much smaller than the total change in the estimates when both restrictions are simultaneously relaxed. Therefore, the interaction of these two restrictions (fluctuations on the extensive margin of females, secondary earnings, older, and younger individuals) is a key driver in the much larger estimates of the macro Frisch elasticity than the micro Frisch elasticity.
After demonstrating that relaxing these two restrictions can produce estimates of the macro Frisch elasticity that are consistent with the values used to calibrate macroeconomic models, I explore why my estimation strategy produces larger estimates of the macro Frisch elasticity than the previous studies. In contrast to this paper, which estimates that the macro Frisch elasticity is in the range of typical calibration values, Mulligan (1999) , Faberman (2010) , and Fiorito and Zanella (2012) estimate that the macro Frisch elasticity is between 0.6 and 1.6. Although these other papers estimate the macro Frisch by comparing fluctuations in hours and wages, there are differences in the specific estimation strategies. Mulligan (1999) and Faberman (2010) assume that all of the observed variation in wages is exogenous and regress changes in hours on changes in wages. In contrast, this paper, as well as Fiorito and Zanella (2012) , attempt to control for likely endogeneity in observed wages. 4 However, Fiorito and Zanella (2012) use lagged wages as an instrument and estimate a much lower macro Frisch (0.68). 5 This approach implies that the macro Frisch elasticity estimates are identified from persistent changes in aggregate wages. Instead, consistent with Altonji (1986) , I use age and education as instruments, which implies that I identify the Frisch elasticity from the expected variation in wages over the life cycle. I find that identifying the Frisch elasticity from these different types of variations in wages can explain why Fiorito and Zanella (2012) estimates a lower macro
Frisch elasticity compared to this study.
Given that the estimates of the macro Frisch elasticity are so sensitive to the estimation strategy, I explore the overall sensitivity of these estimates. I find that 4 The concern is that unexpected shocks to marginal utility are unobserved and correlated with both wages and hours.
5 The estimate that is consistent with the definition of the macro Frisch elasticity uses PSID weights and calculates the cohort's average wages as the average across all wage observations. estimates of the macro Frisch elasticity are also sensitive to the age range of individuals included in the sample. In particular, I find that if I exclude individuals from ages 55 to 65, that my estimates of the macro Frisch elasticity fall to 1.5. Interestingly, Gomme et al. (2005) demonstrate that the volatility of hours with respect to the business cycle for these older individuals is not large enough compared to primeaged individuals to justify the large decrease when they are excluded. Moreover, Casanova (2012) demonstrates that wage changes for older individuals may not be exogenous but instead a result of selection into part-time work. Taken as a whole, these results highlight that estimates are fairly sensitive to the sample of agents, the margins of fluctuations, and type of fluctuations in wages used to identify the Frisch elasticity. Given the large range of estimates of the macro Frisch elasticity presented in this paper, when using an estimate of the Frisch elasticity as a calibration values in macroeconomic models it is imperative that the economist use a value that is estimated in such a way that it is consistent with both the implicit assumptions in the model and the question of interest. Moreover, the overall sensitivity of the estimates of the macro Frisch elasticity with respect to the instruments highlights the importance of demonstrating the robustness of the macroeconomic model to different calibration values of the Frisch elasticity.
Generally, this work builds on previous research that examines the gap between the microeconometric estimates of the Frisch elasticity and the values used in macroeconomic models. Rogerson and Wallenius (2009) demonstrate in a simulated model that due to different treatment of the extensive margin the macro and micro Frisch elasticities are conceptually different and can lead to large differences in their values.
6 However, empirical studies have generally been unable to reconcile the gap by relaxing these restrictions. Most of these studies tend to examine each restriction in isolation. Although Rìos-Rull et al. (2012) , Mulligan (1995) , Heckman and Macurdy (1980) , Blau and Kahn (2007) , and Kimmel and Kniesner (1998) demonstrate that 6 Furthermore, Chang et al. (2011) show that estimates of the micro elasticity from aggregate data that includes a decision on the extensive margin will include large biases.
relaxing the restriction on the composition causes an increase in the estimates of the Frisch elasticity, they find that this restriction alone cannot fully explain the gap.
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Similarly, Chetty et al. (2011) , Gourio and Noual (2009), and Chang and Kim (2006) , estimate that when they relax the restriction on the extensive margin, but focus on just prime-aged married males who are the head of their household, the Frisch elasticity is smaller than the values used for calibration.
8 This paper, along with Mulligan (1999), Faberman (2010) , and Fiorito and Zanella (2012) , are different in that they try to assess the effect of both restrictions in tandem.
The rest of the paper is organized as follows: section 2 derives the estimation equations from a simple labor supply model, section 3 describes the data and discusses how I construct the pseudo panel, section 4 presents the estimates of the micro and macro Frisch elasticity, section 5 examines the robustness of the estimates, and section 6 concludes.
Labor Supply Model
In this section, I introduce the typical maximization problem for an individual and use it to derive two different specifications that have been used used to estimate the Frisch elasticity in a reduced form setting (Altonji (1986) and MaCurdy (1981) ). 9 Next, I
separately describe my estimation strategy for the Frisch labor supply elasticity.
7 Some of these works focus on compensated elasticities as opposed to the Frisch elasticity. For example, Kimmel and Kniesner (1998) demonstrates that married and single individuals have different compensated elasticities. Although Frisch elasticities and compensated elasticities can be different, the variation in the compensated elasticity between the various groups indicates that there will also tend to be variation in the Frisch labor supply elasticity from the various groups.
8 Chetty et al. (2011) use a different approach than most of the other studies and use a meta analysis of separate quasi-experimental studies to independently determine the parts of the macro Frisch elasticity that come from the intensive and extensive margins. The authors use estimates of the participation rate elasticity as a proxy for the portion of the macro Frisch elasticity that comes from fluctuations on the extensive margin. Appendix A describes the strong assumptions necessary in order for the participation rate elasticity to be an unbiased estimate of the contribution of fluctuations on the extensive margin to the macro Frisch elasticity.
9 Since the estimation strategy in MaCurdy (1981) is replicated in Altonji (1986) , the estimation strategies in Altonji (1986) serve as a complete set. Therefore, for notational convenience, I only cite Altonji (1986) when discussing the estimation strategies.
Derivation of estimation equations
Given a typical utility function that is homothetic and separable in consumption and labor, an individual i at age s solves the following problem,
subject to
where E s represents the expectation operator at age s, J is the age of death, c i,j is consumption of individual i at age j, h is hours worked, χ c i,j is a parameter that controls the taste for consumption, χ h i,j is a parameter that controls the taste for work, β is the discount rate, a j is savings, and r t is the after-tax return to savings.
The first order conditions for the individual are
where λ is the marginal utility of consumption. The parameter of interest, γ, is the Frisch labor supply elasticity. I derive two different specifications which have been used to determine γ. I derive the first specification, which relates hours to consumption, tastes, and wages, by taking the logs and combining equations 3 and 4
Taking the difference between two ages of the log of equation 4 and manipulating the resulting equation leads to the second specification,
where ∆ represents the change over one year, and ξ i,j+1 ≡ λ i,j+1 − Eλ i,j+1 is the unexpected changes to marginal utility. Equation 7 relates the change in hours to the change in wages and preference parameters. I refer to equation 6 as the level specification and equation 7 as the change specification.
Estimation strategy
The seminal estimates of the micro Frisch elasticity, such as Altonji (1986) and MaCurdy (1981) , come from specifications based on equations 6 and 7. Since both the taste parameters and the unexpected changes to marginal utility are unobserved and could be correlated with wages, it is important to either use instruments to isolate the orthogonal part of wages or use controls for these unobserved variables.
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The original estimates of the Frisch elasticity used the following specifications:
where TS is a vector of variables controlling for changes in tastes, and δ is a set of annual dummies.
12
11 There is an additional concern about measurement error. Most individuals are not paid hourly. Therefore, to determine an hourly wage, typically economists divide an individual's total income by the total hours he works in a given period. This procedure leads to the possibility that the hours and wage estimates contain correlated measurement error. This measurement error is an additional reason why instruments are typically used for wages.
12 In particular, because instruments are used for wages, the controls for tastes are used to control for correlation between the instruments and hours. δ is included in the change specification to control for annual changes in the after-tax return to capital. Altonji (1986) estimates the Frisch elasticity with three different versions of these equations. The first two estimates (tables one and two in Altonji (1986) ) are based off of the change specification. His third estimate (table four in Altonji (1986) ) is based off of the level specification. I focus on the specification from table 2 of Altonji (1986) because the other estimation strategies (table 1 and table 4) in Altonji (1986) ) can only be estimated on a small subset of the entire population.
13 In this specification, the author uses age, education, education squared, interactions between age and the polynomials of education, the education of the parents, and the parents' economic status as instruments for wages. 14 These instruments are used to isolate the change in wages that are exogenous to unexpected changes in marginal utility. 15 Since these variables are known in advance, one would not expect them to be correlated with unexpected shocks to marginal utility. Using these instruments, the estimates are being identified from expected changes in wages over the life cycle. I determine the micro Frisch elasticity using this estimation strategy.
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The three previous studies that examine the effect of both restrictions in tandem use a different approach. Mulligan (1999) and Faberman (2010) do not use instruments; instead these works assume that changes in wages are exogenous and identify the Frisch elasticity from all the changes in wages. Although Fiorito and Zanella (2012) uses instruments for wages, they use lagged wages as opposed to polynomials of age and education. In contrast to identifying the Frisch elasticity from the predictable variation in wages over the life cycle, Fiorito and Zanella (2012) identify the 13 In both alternative estimates, the author uses a second wage series in the data that exists only for hourly employees.
14 The variable indicating economic status for the parents is not available for secondary workers. Therefore, I do not present results using this instrument. However, in the sample that contained parental economic status, I found that excluding this instrument did not impact the results.
15 In addition, these instruments are used to account for measurement error in reported wages. I focus on the specifications in columns one and three that include age as an instrument but not as a control.
16 I make some small adjustments to the estimation strategy. In particular, I add some additional regressors to control for possible changes in tastes which may be correlated with age. The variables I include to control for tastes are whether an individual lives in a city with a population larger than 500,000, the number of children, and the number of children under six.
Frisch elasticity from the persistent variation in wages. I examine the effect of these differences on the estimates of the Frisch elasticity in section 5.1.
Macro estimation strategy
The macro Frisch elasticity represents the percent change in aggregate hours that occur due to a one percent change in aggregate wages holding aggregate marginal utility constant. In order to estimate the macro Frisch elasticity I alter the general estimation strategy by using a pseudo panel.
17 A pseudo panel is created by taking the average values within a cohort for each age and, instead of treating each individual's value as an observation, the cohort's average at each age is treated as an observation.
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In particular, each observations for a variable X follows,
where X j,t is the pseudo panel observation for a cohort's average at age j, and time observed in the data set. Therefore, when using a pseudo panel, the economist is implicitly treating the averages from the synthetic cohort as an approximation of the true cohort's average. Results from a pseudo panel may be biased since the approximation of the cohort's average contains measurement error. However, Verbeek et al. (1992) demonstrates that with a sufficient number of individuals a pseudo panel can be treated as a genuine panel without introducing an economically significant amount of bias.
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In order to estimate the macro Frisch elasticity, I estimate equation 9. In addition to using different instruments, using a pseudo panel is a second divergence from Fiorito and Zanella (2012) . Instead of using a pseudo panel, Fiorito and Zanella (2012) an aggregate time series where each observation is the annual averages across cohorts instead of the averages within a cohort. In particular, each observation for a variable Z in Fiorito and Zanella (2012) follows,
This alternative approach implies that the authors will have far fewer data points, which could lead to less efficient estimates. Moreover, their approach is susceptible to composition bias if there are demographic changes in the population over time.
22
21 The size of the data set employed in this study is on the lower end of the requirements discussed in Verbeek et al. (1992) , so the estimates of the coefficients might be attenuated. However, one difference from Verbeek et al. (1992) is that as opposed to creating a pseudo panel from a repeated cross-section, I use a traditional micro panel. Therefore, the cohort generally contains the same individuals over time. As a consequence, there should be less change in which individuals are observed between years in my data. You would expect that a pseudo panel built from a traditional panel, with a more consistent set of individuals, to be less susceptible to this bias.
22 My estimation strategy will also be susceptible to composition bias; however in order for my estimates to be biased, the composition within the cohorts must change. In contrast, the estimates in Fiorito and Zanella (2012) will be susceptible to composition bias if the relative size of the cohorts changes.
Data
Similar to Altonji (1986) Table 1 provides a summary of the data used to estimate the micro and macro
Frisch elasticity. The micro data set includes married working males who are the heads of households and between the ages of 26 and 60. In contrast, the macro sample includes all individuals between the ages of 20 and 65. On average, individuals in the micro sample tend to be older, have higher wages, and work more hours. These differences are due to the restrictions in the micro sample. Moreover, since the micro sample is limited to heads of households, individuals tend to be part of larger families. Figure 1 plots the average annual hours by age in the micro and macro samples.
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Comparing the black line (macro sample) and the red line (micro sample), the profile for all individuals decreases much more rapidly towards the end of the working life.
This rapid descent indicates that many older individuals stopped working. Figure 2 plots the average wage profiles for the two groups. 26 Generally, the wage profiles tend to be upward sloping in the beginning of the lifetime, leveling off around the age 50.
The wages for the macro sample (black line) tend to be lower than the wages for the micro sample (red line). Notes: The averages for the micro data set include only males who are married, heads of households, working, and between the ages of 26 to 60. The averages for the macro data set include all individuals between the ages of 20 and 65. 29 I find that the F-statistic for the excluded instruments in the first stage is 5.4 and 13.6 when I include and do not include annual dummies, respectively. The F-statistic in the specification with annual dummies is low enough that there is some concern that the instruments are not relevant. 30 The Pvalue on the Hansen J-statistic for overidentification of the instruments is larger when I include annual dummies, which indicates that including annual dummies leaves less unexplained variation in the second stage. The P-values are large enough for both estimates so as to not raise concerns that the instruments are invalid.
Next, I make three changes to Altonji (1986) in order to construct my benchmark estimates of the micro Frisch elasticity: (i) I extend the sample to include more waves 27 Individuals who are students, retired, or working less than 250 hours a year are considered to not be working and excluded from this data set. As opposed to considering any individual who works less than 250 hours non-working, Altonji (1986) uses a cutoff of zero hours. I choose to use a higher threshold because I am not able to utilize all of the variables that contain reported information about retirement since the variables do not exist for secondary earners.
28 I do not observe the wealth of the parents for secondary earners, which Altonji (1986) uses as an instrument. This lack of coverage is not a problem for Altonji (1986) because he only focuses on estimating the Frisch elasticity for the heads of households. Since I find that excluding this variable as an instrument when estimating the Frisch elasticity of the heads of households does not affect the estimates, I exclude it in all the results reported in this paper.
29 There are a few reasons for slight differences in the estimates. First, I use the weights in the PSID. Second, following the restrictions in Altonji (1986) did not yield the same size data set as reported in the paper. Third, I use the Consumer Price Index to deflate wages as opposed to the GDP deflator.
30 The F-statistic is lower when annual dummies are included because there are fewer degrees of freedom.
of the data, (ii) I include controls for possible changes in tastes, and (iii) I loosen the restriction that individuals must be married throughout the whole sample. 33 One concern about these estimates is that the Hansen J-stat for overidentification of the instruments is low for all of the specifications that use the larger time period. The low J-stat is a persistent problem throughout this paper. Despite concerns about validity, I continue because the goal of this paper is to determine whether estimates of the macro Frisch using the microeconometric techniques are consistent with the values used to calibrate macroeconomic models. However, because of this concern about validity, the point estimates should be interpreted with caution. 
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In order to decompose the importance of each of the composition restrictions, I sequentially add each demographic group to the sample and estimate the Frisch elasticity in the traditional panel. Table 4 presents these results. Columns I-V are the results when I do not include annual dummies, and columns VI-X are the results when I include annual dummies. Columns II and VII indicate the effect of relaxing the restriction that individuals are married by including prime-age single males who The estimates in columns II and VII are not an estimate of the Frisch elasticity of the single, prime-age males who are the heads of households but instead a weighted average of the married and single prime-age males who are heads of households.
36 Note, these estimates are only incorporating heads of households that are females and not all females. Therefore, these results are not inconsistent with previous studies that generally find females supply labor more elastically. on the extensive margin but restrict the composition.
Individually estimating the impact of relaxing each of the restrictions, I find that broadening the scope of the sample increases the estimates of the Frisch elasticity by approximately 0.7. Similarly, I find that including fluctuations on the extensive margin increases the Frisch elasticity by between 0.61 and 0.66. The increase from individually relaxing each of the two restrictions indicates that both play an important role in reconciling the gap between the microeconometric estimates and macro-calibration values. However, the sum of these changes is not large enough to explain the whole gap. These results indicate that the interaction between broadening the scope of the sample and incorporating fluctuations on the extensive margin needs to be considered in order to explain the gap. Specifically, the fluctuations on the extensive margin of single males, females, secondary earners, young individuals, and old individuals are necessary to reconcile the whole gap. 
The estimates are for prime-age married males who are the heads of households. The F-stat for excluded instruments is for the wage regressions. Consistent with previous studies, the standard errors are clustered on cohort.
Sensitivity of Estimates
In this section, I test the sensitivity of the results. First, I examine the effect of the alternative estimation strategy in Fiorito and Zanella (2012) . Next, I determine the sensitivity of the results with regard to age. Finally, I determine whether the parametric form used in the first stage to predict wage changes affects the estimates. Table 6 explores the effect of these two differences in the estimation strategy.
Comparison with Fiorito and
Column II estimates the macro Frisch incorporating one of these differences: using five lags of wages as opposed to age and education as the instruments. 38 I find that the estimates drop significantly when I use these alternative instruments. Column III presents the estimates when I incorporate the second difference by ignoring the panel dimension of the data and use the population's average, as opposed to the 37 The estimate consistent with this study uses the weighted PSID sample and only incorporates observed wages. The alternative estimates are unweighted or estimates of the unconditional Frisch elasticity.
38 Similar to my benchmark macro estimates, the first stage regression is run on the cohort level as opposed to the individual level.
cohort's average, as an observation. Incorporating this second difference causes the estimates to decrease even more, however a statistically insignificant amount.
39 The large differences between the benchmark estimates and the estimates in column III indicate that the variation in estimation strategy are responsible for the different findings in this paper and in Fiorito and Zanella (2012) . Making these two changes in the estimation strategy implies that the Frisch elasticity is being determined from different variation in wages. This study is identifying the Frisch elasticity from the life cycle changes in wages that can be predicted by age and education. The implicit assumption in this study is that these predicted changes in wages are orthogonal to unexpected changes in marginal utility. In contrast, Fiorito and Zanella (2012) Overall, these results demonstrate that estimates of the macro Frisch elasticity are sensitive to which variation in wages are used for identification.
Estimates by age
In this section I explore whether the estimates of the Frisch elasticity are sensitive to which ages are included in the sample. Table 7 and table 8 One interpretation of this sensitivity is that the macro Frisch elasticity changes over the life cycle. This interpretation is consistent with the econometric estimation strategy in this paper that assumes the instrumental approach isolates the exogenous changes in the wages. In particular, this interpretation implies that these changes in wages are exogenous. However, it is possible that the changes in wages may not be exogenous to the decision with regard to how many hours to work. In particular, Casanova (2012) documents that these changes in wages seem to be endogenous with the hours decisions later in life, which would imply that the variation in the estimates over age are due to a bias as opposed to fluctuations in the deep parameter value.
Casanova ( Notes: The estimates are from a pseudo panel which includes all individuals. The F-stat for excluded instruments is for the wage regressions. Consistent with previous studies, the standard errors are clustered on cohort. Table 8 presents the results when I estimate the micro Frisch for different ages.
Unlike the estimates of the macro Frisch, the decrease in the estimates are small when I exclude older individuals. The smaller changes in the micro Frisch elasticity could be because the micro Frisch excludes non-working individuals and focuses on younger individuals who are less likely to partially retire.
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These results indicate that determining which value to use in a calibrated macroeconomic model depends crucially on which question the economist is examining and 43 Since individuals are required to work a minimum number of hours in order to be included in the sample used to estimate the micro Frisch, many individuals who are partially retired may be excluded. 
The estimates are from a traditional panel which includes only prime-age married males who are the heads of households. The F-stat for excluded instruments is for the wage regressions. Consistent with previous studies, the standard errors are clustered on cohort. for the bigger age range is the more relevant estimate. Overall, the large variation in the estimates of the macro Frisch elasticity indicate that it is not only important to use a calibration value that is consistent with both the model and question being examined, but also that it is important to check the sensitivity of the results with respect to the calibration value.
Alternative Parametric Assumptions
Section 5.2 demonstrates that the large estimates of the macro Frisch elasticity are primarily due to older individuals. In particular, the estimates are large because the relative changes in hours are much bigger than the change in wages for older individuals. Given that the Frisch elasticity is primarily identified from the predicted change in wages over the life cycle, it is of interest whether the estimates are sensitive to the parametric form used to predict these wage changes. Therefore, in this section I explore the sensitivity of the results when I use a more flexible set of polynomials of age and education as instruments. In order to test the sensitivity, instead of using quadratics, I use third order Chebyshev polynomials of age, second order Chebyshev polynomials of education, and the interaction of all the polynomials as the instruments for wages. Chebyshev polynomials are a sequence of orthogonal recursive polynomials. Using these orthogonal polynomials as instruments, as opposed to using the quadratic polynomials, allows for more flexibility in the relationship between wages and the instruments. Columns I and III of table 9 are the benchmark estimates of the micro and macro Frisch elasticity (using the quadratic polynomials of the instruments), respectively. Columns II and IV are the estimates of the micro and macro Frisch elasticity using the Chebyshev polynomials of the instruments, respectively. Focusing on the estimates of the micro Frisch elasticity, utilizing the more flexible instruments does not alter the estimates.
Furthermore, comparing columns III and IV, the estimate of the macro Frisch elasticity are somewhat smaller when using the more flexible polynomials, compared to the benchmark estimates. However, the decrease is not statistically significant and the alternative estimate of the macro Frisch elasticity is still in the range of the values used to calibrate macroeconomic models. The overall finding that both of the restrictions can explain the gap between the microeconometric estimates of the Frisch elasticity and the calibration values used in macroeconomic models is robust to using these more flexible polynomials. Taken as a whole, these results indicate that the estimates of the Frisch elasticity are much less sensitive to the parametric form of this first stage than they are to the specific instruments used in the first stage.
Conclusion
This paper evaluates whether relaxing two restrictions causes an increase in the estimates of the Frisch elasticity large enough to explain the gap between the original microeconometric estimates of the Frisch elasticity and the calibration values used in macroeconomic models. The first restriction is that the micro Frisch elasticity focuses on prime-aged, married, working males who are heads of households. In contrast, the macro Frisch elasticity incorporates fluctuations in hours from the whole population.
Second, the micro Frisch elasticity only includes fluctuations on the intensive margin, while the macro Frisch elasticity incorporates fluctuations in hours on both the intensive and extensive margins. Similar to previous studies, I find that relaxing either of these restrictions in isolation cannot explain the whole gap. However, when I simultaneously account for both restrictions, I estimate the macro Frisch elasticity is between 2.9 -3.1. Since this estimate of the Frisch elasticity is in the range of typical macroeconomic calibration values, I conclude that the impact of accounting for both restrictions in tandem can be large enough to explain the gap.
However, these results are in contrast to Fiorito and Zanella (2012) , who account for both differences but estimate a much lower macro Frisch elasticity of 0.68. 44 I
show that the main reason for these divergent findings is due to differences in the empirical approach. Fiorito and Zanella (2012) use lagged wages as an instrument for current wages to account for endogeneity. This approach implies that they identify the Frisch elasticity from persistent changes in aggregate wages. In contrast, I use age and education as instruments for wages, which implies that I identify the Frisch elasticity from predicted variation in wages over the life cycle. These results indicate that estimates of the macro Frisch elasticity are sensitive to the variation in wages used to identify the Frisch elasticity. Moreover, I find that the estimates of the macro Frisch are also fairly sensitive to whether older individuals are included in the data set. These results, combined with other research such as Casanova (2012) and Gomme et al. (2005) , suggest that the large macro Frisch elasticity estimates may overstate the deep parameter value since the variation in wages at the end of the working life may not be exogenous.
A common practice in macroeconomics is to use a calibrated parsimonious model.
These results demonstrate that the value used to calibrate the Frisch elasticity in a macroeconomic model depends crucially on both the question the economist is asking and the specific features of the model he is including. For example, if a macroeconomist is using a model that does not include retirement and it is important for answering his question that the fluctuations in hours and wages over the business cycle are consistent with the data then he will need to use a value consistent in line with the large macro Frisch elasticity estimates in this paper. In contrast, if an economist is asking a question that centers on changes in hours on the intensive margin of working individuals then he may want to use a lower calibration value for the Frisch 44 Mulligan (1999) and Faberman (2010) also find lower estimates of the elasticity. As opposed to this paper, Mulligan (1999) and Faberman (2010) do not account for the potential endogeneity of wages. elasticity in line with the estimates of the micro Frisch elasticity. Moreover, the large range of estimates of the macro Frisch elasticity in this paper demonstrates that it is important for economists to be cognizant of the implicit assumptions associated with the estimation procedure used to determine their calibration parameter.
A Implications of using participation rate elasticity In order to calculate the macro elasticity, Chetty et al. (2011) adds the micro (intensive margin elasticity) and the extensive margin elasticity. The authors' value for the extensive margin comes from a meta analysis that focuses on studies that primarily estimate the labor force participation elasticity. The sum of the intensive margin elasticity and the labor force participation elasticity need not be the same as calculating the aggregate Frisch elasticity from variations on both the intensive and extensive margin. Let us consider an economy over two periods that experiences a temporary change in the after-tax wage. Let there be three populations. The first group is individuals who work in both periods which I denote with e. The second group is made up of individuals who do not work in either period, which I denote with u. The third group contains individuals who only work in the second period, who I denote as n. In the first period, let h i denote the hours worked on average by group i and P i be the size of group i. Let h i and P i represent the hours worked by group i and the size of group i in the second period, respectively.
The aggregate Frisch elasticity is the percent change in hours divided by the percent change in wages. The percent change in hours can be written as Peh e +P n h n −Pehe Pehe , which simplifies to,
. The first part of the expression represents the percent change in hours from the new workers (fluctuations on the extensive margin).
The second part of the expression represents the percent change in hours from the increase in hours worked from individuals who work in both periods (fluctuations on the intensive margin). Chetty et al. (2011) uses the change in the participation rate elasticity as the contribution of new workers to the aggregate Frisch elasticity and therefore calculates the percentage change in hours as
. These two expressions are only equivalent if new workers work on average the same number of hours as existing workers did in the first period (h e = h n ). If these new workers who enter after the wage increase tend to work more hours than the old workers worked prior to the wage increase, then the estimates in Chetty et al. (2011) will be biased downward.
B Unconditional Frisch Elasticity
This paper focuses on estimates of the macro Frisch elasticity consistent with the macro definition. Specifically, the macro Frisch elasticity is estimated from a pseudo panel that includes unconditional changes in hours and the observed changes in wage which exclude the potential wages for non-working (no-work) individuals. 45 Since the calibration values for macroeconomic models are determined from these series, these are the relevant data for the question in this paper. However, for other questions, the aggregate unconditional Frisch elasticity may be of interest. The key difference is that the unconditional Frisch elasticity accounts for possible selection bias from non-working individuals. This section provides estimates of this alternative concept.
In order to account for selection bias, I follow the procedure in Fiorito and Zanella (2012) in which the authors predict the wages for non-working individuals using a Heckman-type correction for selection bias. 46 Selected results from these regressions are in table 10. Fiorito and Zanella (2012) note that Blundell et al. (2003) shows empirically that when they create an aggregate wage which includes a similar selection corrected predicted wage for non-workers, most of the aggregation bias is removed from their aggregate wage series. One complication in this specification is that some individuals who indicate they retired or work less than 250 hours still report labor income. Therefore, I estimate the Frisch elasticity with two different wage series for 45 In this estimate of aggregate wage, if an individual reports not working but still reports a wage that information is included in the pseudo panel.
46 See section 3 of Fiorito and Zanella (2012) and Wooldridge (1995) for more details on the correction procedure. The variables used to predict employment at the first stage are gender, race, marital status, number of kids and a set of polynomials and interactions between age and education. One difference between Fiorito and Zanella (2012) and this study is that the level, as opposed to the natural log, of wages is predicted. each cohort. First, I incorporate predicted wages for individuals who do not report any income and observed wages for all others in the cohort's average (predict missing).
Second, I incorporate predicted wages for individuals who report that they are retired or work less than 250 hours and use the observed wages for all others in the cohort's average (predict non-working). Table 11 presents the estimates of the unconditional aggregate Frisch elasticity using both definitions of not working. The estimates of the unconditional aggregate Frisch elasticity range from 1.68 to 2.64. I find that when I control for selection bias by predicting wages for those who do not report wage information, the estimates of the Frisch elasticity are significantly lower compared to the estimates of the macro Frisch elasticity. However, when I only control for selection by predicting wages for all of those who report not working. the change in the estimates is smaller. Notes: The F-stat for excluded instruments is for the wage regressions. Consistent with previous studies, the standard errors are clustered on cohort.
